Background: Peach is a common elicitor of food allergic reactions. Peach-induced immediate reactions may occur as benign pollen-food syndromes, usually due to birch pollen-related PR-10 cross-reactivity in temperate climates, and as potentially severe primary food allergies, predominantly related to nsLTP Pru p 3 in Mediterranean regions. The newly described peach allergen Pru p 7 has gained recent attention as a potential peach allergy severity marker. Sensitization to Pru p 7 and its allergenic homologues of the gibberellin-regulated protein family occurs in areas with high Cupressaceae tree pollen exposure.
| INTRODUCTION
Fruit and vegetables account for the most common aetiology of food allergies in teenagers and adults. [1] [2] [3] [4] Severe reactions are frequent, with fruit and vegetables reported as causative in 5% of all cases of food anaphylaxis in children and adolescents in a range of European countries, 5 and confirmed as culprit in 7% of children seeking emergency care at a major Madrid hospital for anaphylaxis-like symptoms. 6 Peach-induced immediate reactions are frequent in pollen-allergic patients and often occur as pollen-food syndromes (PFS). [7] [8] [9] Birch pollen-related PR-10 sensitization underlies most cases of peach-induced oral allergy syndrome (OAS) occurring in temperate climates, while sensitization to non-specific lipid transfer proteins (nsLTPs) is predominant in Mediterranean regions and may induce OAS as well as severe reactions. 1, 4, [9] [10] [11] In southern Europe, primary food allergies, including peach allergy (PA), may account for KLINGEBIEL ET AL.
| 527 up to 96% of food allergy cases. 1 Sensitization to nsLTPs, either as primary food allergy or as PFS, accounts for most of PA cases in the Mediterranean region. 1, 12, 13 However, some PA patients have been found to lack sensitization to Pru p 1 (PR-10), Pru p 3 (nsLTP) and Pru p 4 (profilin), despite a convincing clinical history and a strongly positive skin test with fresh peach. [14] [15] [16] Pru p 7, also referred to as peamaclein, a member of the gibberellin-regulated protein (GRP)
family, was described as a novel peach allergen. 14 We have previously reported Pru p 7 as a major allergen associated with severe clinical symptoms and strong cypress pollen (CP) sensitization in PA patients from Marseille, southern France. 16 As (Table 1) . Each participant's area of residency was categorized as belonging to one of these regions. The diagnostic investigation for other food allergies followed the same steps as that for PA. 
| Diagnostic criteria and procedures

| Assessment of clinical severity
| IgE competition experiments
Cross-reactivity between Pru p 7 and CP was studied by preincubat- 
| Basophil activation tests
Basophil activation tests (BAT) were performed with a commercial fruits or vegetables was found in 42 (36%) and to legumes, tree nuts, cereals and seeds in 64 (54%). In 33 (28%) of the PT subjects, no plant food allergy was found ( Figure S1 ). Involvement of a cofactor was reported in 24 (12%) of the PA patients, exercise being the most frequent (n = 19). Among the symptoms experienced, eyelid oedema was reported by 19 (10%) of the PA patients.
| Pru p 7 sensitization is present in all regions
and is higher and more common in PA than PT patients
Overall, Pru p 7 sensitization was found in 171/316 (54%) patients (Table 2) . A gradient of Pru p 7 sensitization from north (region 1, 29% prevalence) to south (region 5, 60% prevalence) was observed, Table 2) . Data on sensitization to other molecular allergens in PA and PT patients are available in Tables S1   and S2 .
For comparative purposes, sera of six PA subjects with IgE to Pru p 7 by ImmunoCAP were also analysed with the FABER ® assay (CAAM, Rome, Italy) and concordant results were obtained in five of these (83%). (Table S3 ).
| Pru p 7 sensitization is associated with the severity of reaction and cofactor involvement
The PT patient's basophils were not activated by any of the extracts or molecular allergens tested (Table S3) . Basophil sensitivity to Pru p 7-induced activation was monitored through EC 50 , CD-sens and the lowest activating concentration. Median EC 50 was 0.05 ng/mL (IQR 0.0125-1.25) and median CD-sens was 2000 (IQR 80-8000). EC 50 and the lowest activating concentration were lower in PA patients without cofactor involvement (n = 6) than in those who required a cofactor for reaction to peach (n = 3), with a similar trend for CDsens ( Table 3 ). The ratio of maximal rPru p 7-induced activation to anti-RFcεI-induced activation was close to 1 in both groups.
| IgE to Pru p 7 is associated with and cross-reactive to IgE to cypress pollen
We have previously described a ubiquitous co-sensitization to CP in Pru p 7 sensitized individuals. 16 Among the 171 Pru p 7 sensitized subjects in the present study, all but one, who had Pru p 7 IgE at the positivity threshold of the assay (0.10 kU A /L), were also sensitized to CP.
To study more directly a likely cross-reactivity between Pru p 7 and CP, we performed a dose-response IgE competition experiment with sera from four patients sensitized to CP and Pru p 7. Preincu- −0.5, P < 0.0001), reflecting the proportion of CP-specific IgE directed to Cup a 1, which is structurally unrelated to Pru p 7.
| Cypress pollen exposure determines regional peach molecular sensitization profiles
Using a multivariate model of CP sensitization including all tested peach allergens as covariates, we found that no peach allergen other than Pru p 7 was significantly associated with CP sensitization (Table S4) . The relationship between CP and Pru p 7 sensitization was further assessed by sorting patients by region of residency as described in Methods (Table 1) . Ordinal logistic regression models illustrated a strong relationship between the cypress/birch pollen count ratio and the occurrence of sensitization to CP, Pru p 7 or Pru p 1 (Table S5 ). This relationship was positive for CP and Pru p 7 sensitization (P < 0.0001 and P = 0.0001, respectively), and inverse for Pru p 1 sensitization, a surrogate of Bet v 1 sensitization (P = 0.03).
Further multivariate analysis of CP, Pru p 1 and Pru p 7 sensitizations found independent relationships between these covariates and cypress/birch pollen count ratios, consisting of a quantitative effect of CP exposure associated with higher prevalence of Pru p 7
(P = 0.03) and lower prevalence of Pru p 1 sensitization (P = 0.003) among CP sensitized subjects (Table S5 ).
| DISCUSSION
We report here that Pru p 7 is a major allergen in PA patients from 38 In our study, clinical reactions to potato were reported by only two Pru p 7 sensitized patients, one of which was additionally sensitized to Pru p 4.
Our data show that Pru p 7 sensitization in PA patients from southern France belongs to the PFS through its association with CP.
Similar to other examples of PFS, Pru p 7-induced reactions occur mainly in adolescents and young adults. However, food allergy symptoms are more severe in Pru p 7-related PFS than in previously described examples of PFS.
Despite early reports on the association of PA with cypress pollinosis, 39 the prevalence of cypress-associated peach sensitization and PA is currently unknown. In a cohort of 1280 cypress-sensitized patients from France, 165 (13%) patients had peach sensitization as defined by positive prick-to-prick tests to peach, and 29 of these 165 (18%) had a history of peach-induced symptoms. 40 In regard to molecular sensitization relevant to peach allergy in our region, preliminary data indicate that 15-25% of cypress pollinosis patients may be Pru p 7 sensitized (unpublished observations). Peach IgE sensitization rates across European countries as reported from the Europrevall cohort peak at 11.9% in Madrid and 13.4% in Zurich. 2 Similarly, little is known about allergen(s) other than Pru p 7 potentially involved in the cypress-peach syndrome. 41 Teams from southern
France and Spain reported an association of CP and PA in Pru p 3 sensitized patients. 42, 43 Further, in a series of seven CP and PA patients, all displayed IgE binding to a 45-kDa CP protein, which could be outcompeted by peach extract. 39 Additionally, certain allergens identified in Japanese cedar (Cryptomeria japonica) pollen, such as Cry j 3 (thaumatin-like protein), CJP-6 (isoflavone-reductase) and CPA-9 (subtilisinlike protease), show sequence identity of 40% or higher with homologues in Rosaceae fruits and other plant foods, suggesting that crossreactions may occur through multiple allergen families. 44 T Bold figures with asterisks denote statistically significant differences between PA and PT patients. Median and IQR were calculated for samples with Pru p 7 IgE ≥0.10 kU A /L. Statistical significance flags for P-value levels: *< 0.05; **< 0.01; ***< 0.001. P e a c h e x t r a c t P r u ReacƟon severity IgE to Pru p 7 (kUA/L) 37 21 17
*** * * F I G U R E 3 Prevalence and magnitude of Pru p 7 sensitization in relation to the severity of reactions to peach. Prevalence (A) and concentration (B) of IgE to Pru p 7 in patients with mild, moderate or severe reactions to peach. Statistical significance flags for P-value levels: *< 0.05, ** <0.01, *** <0.001. In B, horizontal bars indicate median levels among positive (≥0.10 kU A /L) observations and dotted horizontal lines mark the 0.10 and 0.35 kU A /L levels. Indicated above the x-axis is the number of sera with IgE <0.10 kU A /L associated with particularly severe food allergic reactions in at least three environments: Italy, 14 France 16 and Japan. 49, 53 In our cohort, increasing CP exposure and associated Pru p 7 sensitization was related to lower prevalence of PR-10 sensitization even in regions with substantial birch pollen exposure. Conversely, a potential protective effect of birch pollen exposure has been suggested with respect to LTP-related food allergies. 54 The pathophysiological background of such interactions between pollen exposure and the resulting host sensitization may bring further insight into the geographic restriction patterns of food allergy.
In conclusion, we report here that Pru p 7 sensitization is common in patients allergic to peach, often in the absence of sensitization to other peach allergens. Sensitization to Pru p 7 is invariably associated with CP sensitization and appears to be driven by CP exposure, rather than reflecting a primary food sensitization. Biologically, Pru p 7 was found to be extremely potent, causing basophil activation at sub-picomolar concentrations. Because CP is present in continental as well as
Mediterranean environments, and given the world-wide distribution of related Cupressaceae species, Pru p 7 and homologous food proteins may be an important culprit in severe allergic reactions to peach and other plant foods in many regions of the world.
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